The protoplast fusion technique has been applied successfully to Aspergillus usamii mut. shirousamii and Aspergillus niger, leading to the recovery of recombinant progeny. A strain obtained from a heterokaryon using^/-camphor showed a 2-fold DNAcontent per conidium and an about 1.2-fold conidial diameter compared to those of the original strains, and was regarded as a heterozygous diploids. The diploid strain was treated with benomyI as a haploidizing agent, many segregants being obtained. The segregants were phenotypically single and double auxotrophs, and prototrophs. The prototrophic segregants were selected and their haploidy was confirmed by their conidial sizes and DNAcontents per conidium. A prototrophic segregant strain derived from these haploids was considered phenotypically to be a recombinant with some excellent characteristics, that is, higher amylase and citric acid productivities than those of the original strains. The results indicate that the segregants of diploid strains induced by benomyl cause genetic changes affecting enzyme and citric acid production.
kawachi, Aspergillus kawachii kitahara (a mutant of A. awamori var. kawachi), Aspergillus oryzae and so on, play important roles in the production of sake (a Japanese wine) and shochu (a Japanese spirit).
The breeding of koji-molds has hitherto been investigated to improve their enzyme productivities, by means of mutation1~3) and parasexual recombination.4~6) The protoplast fusion technique has recently been proved to be a valuable method for the breeding of new microorganisms and for investigating genetic problems. The protoplast fusion method has been characterized, and it was found complicated characteristics, such as enzyme and organic acid production, and aroma formation, are simultaneously induced into the fusants through fusion treatment.
We investigated the feasibility of interspecific hybridization between Aspergillus niger and Aspergillus usamii mut. Shirousamii1) by protoplast fusion, and obtained new hybrids from these fungi through interspecific fusion. 2873 Actually, these hybrids showed haploidy and may be useful for the generation of strains with some dominant characteristics, such as enhanced citric acid and enzymeproduction and so on.
This paper deals with the development of an effective method for the protoplast fusion of these fungi and also with some properties of resultant hybrids, such as diploids and segregants obtained through haploidization.
Materials and Methods

Organisms.
A. usamii mut. shirousamii RI-B117) (an acidic amylase hyper-producer; Akita Konno Shoten) and A. niger CA (a citric acid hyper-producer; our laboratory stock strain) were used as the original strains. Biochemical mutants, strain IN2 (lys) from A. niger CAand strain T2 (arg) from A. usamii mut. shirousamii, were obtained by NTG (TV-methyl-A^-nitro-TV-nitrosoguanidine) treatment in a routine manner. These biochemical mutants were checked as to their stability over several vegetative generations, and as to their characteristic citric acid and amylase production. The parental strains also produced with a conidia single nucleus on a complete medium. tion of a heterozygous diploid was performed using benomyl as a haploidizing agent.13' A diluted conidial suspension from a heterozygous diploid was plated onto CM agar containing 0.20 to 2.00ppm benomyl. After 5 days incubation at 25CC, some segregants were randomly selected from among the many colonies appearing on the CM agar. These segregants were checked as to their morphological stability on fresh CMagar plates containing benomyl and then phenotypically characterized.
Analysis of conidia. Nuclei in conidia were stained by the method of Giemsa.14) The conidial diameter, in 0.1 m potassium phosphate buffer, pH 5.0, was determined microscopically using an eye-piece micrometer. DNAin the conidia was measured by the method of Burton15) after extraction by the method of Schneider.16' The DNAcontent per nucleus was calculated as follows: 100 x (the amount of DNAin the conidium)/(the number of nuclei in the conidium tested) (10~6/ig).
Solid culture for enzymepreparation. Solid culture for enzymepreparation was performed by the method previously described.89' Citric acid was measured by the method of Kusunose.17'
Results
Protoplast fusion
Protoplasts were formed from mycelia following incubation with Trichoderma lytic enzyme preparations, such as a T. viride B1A enzyme preparation and Usukizyme for 1 hr in Czapek-Dox medium containing 2%glucose was used as the minimal medium (MM). MMsupplemented with 0.5% yeast extract and casamino acid was used as the complete medium(CM). Fusion was accomplished by suspending the protoplasts in 35% PEG 4,000, 0.05 M glycine-NaOH buffer, pH 7.5 (25°C for 15min). After washing with 0.6 M NaCl, a series of appropriately diluted protoplast suspensions were plated onto hypertonic MMand CMagar. The reversion rate was defined as the ratio of the numbers ofprotoplasts regenerating on CMand MM agar. Protoplasts from IN2 (lys) and T2 (arg) were fused as described previously.8' 9) After 5 days incubation, fusants could be complementarily selected as colonies appearing on MMagar after fusion treatment. The fusion frequency of the protoplasts was estimated to be 1.02%, i.e., more than 104 times higher than the reversion rates of the fused auxotrophs ( Table I ). The fusants that appeared on MMagar were trans- The appearance frequency ofdiploids was defined as the ratio of the numbers of conidia regenerating on CMand MMagar.
ferred to newMMslants. These fusants showed fine growth on MMagar and their conidia segregated into IN2 (lys) and T2 (arg) of the parental auxotrophs (Table II) . These results obviously verified that the fusants were heterokaryons.
Preparation of heterozygous diploids A loopful of mycelia from a heterokaryon strain, IN2-T2-H, was inoculated onto a Petri dish of MMagar containing 0.1% dcamphor,18) followed by incubation at 25°C
for 6 days. The mycelia showed good growth and sporulation, some sectors evidently being produced. The conidial heads in the sectors were either black or brown ones (Fig. 1) .
Heterozygous diploids could be selected on the basis of germinated conidia on MMagar, as shown in Fig. 2 . A diploid strain, IN2-T2-D, showed an about 2-fold DNA content per nucleus. The conidial diameter of this diploid strain was much greater than those of the original strains (Fig. 3) . The frequency of diploidization was 5.80 x 10"3. Phenotypes of the parental auxotrophic mutant strains. No. 4 showed diploidy (Table IV) . Moreover, color segregants also only occurred on the agar containing benomyl. These results suggested that genetic recombination had occurred through haploidization of heterozygous diploids derived from A. usamii mut. shirousamii and A. niger.
The DNAcontents and numbers of nuclei per conidiumwere determined. Thesegregants obtained through the haploidization were separated into types, diploids and haploids. The haploids showed nearly the same nuclear DNAcontents as those of the original strains or heterokaryons, but some diploids derived from these segregants showed an about 2-fold DNA content per nucleus (Table IV) . The number of nuclei in conidia of the original strains, A. niger CA and A. usamii mut. shirousamii RI-Bll, was only one. Haploidized strains were isolated from a heterozygous diploid using benomyl as a haploidizing agent. The mycological characteristics of the segregants grown on MM agar slants are presented in Fig. 4 and Table V. Heterokaryon strain IN2-T2-H produced conidia of two types, black and brown. Diploid strain IN2-T2-D grew well on a slant culture, and showed healthy sporulation on it. The conidia of IN2-T2-D were black in color, but the size of the conidia was intermediate between those of the original strains. The segregants were phenotypically separated into two types, the original strains (Nos. 1, 2, 3, and 5) and diploids (Nos. 4 and 6), and also grew well on the medium and showed abundant sporulation, except No. 1.
Citric acid and amylase productivities of segregan ts
After treatment with benomyl in the concentration range of0.50 to 0.70 ppm, six strains were finally selected and then assayed as to their citric acid and amylase productivities (Table VI) These results showed that prototrophic segregations obtained via protoplast fusion had dominant genetic effects of both the parental strains. This study suggests that interspecific hybridization mediated by protoplast fusion and segregation of diploids are useful tools for the improvement of industrially imporant kojimolds.
